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FIG.5
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FIG.7
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NON-DESTRUCTIVE INSPECTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage under 35 U.S.C. § 371
of International Patent Application No. PCT/IP2018/
036018, filed Sep. 27, 2018, which claims priority to Japa-
nese Patent Application No. 2018-062046, filed Mar. 28,
2018, the disclosures of both are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to a non-destructive inspec-
tion method by which a non-destructive inspection is per-
formed on a test piece with radiation.

BACKGROUND ART

In recent years, it has been desired to appropriately
maintain, repair, or renew aging infrastructures (hereinafter,
referred to as infrastructure constructions) such as roads,
bridges, tunnels, and building structures.

In particular, in the case of concrete structures, there are
possibilities of a volume change (expansion or contraction)
caused under influence of materials and environments and of
causing a defect such as a crack.

To address this problem, in a conventional evaluation of
expansion/contraction amount of concrete, pins are embed-
ded or bonded at two positions, a distance between the two
positions of the pins is measured on a regular basis with a
contact gauge or the like, and an expansion amount is
calculated from an amount of change in the distance. How-
ever, in this evaluation technique, when the distance
between the positions of the two pins changes largely, there
is a possibility that the pins come off, so that the evaluation
may not be performed. Further, there is a problem in that it
is impossible to evaluate a portion where no pins are present.
Therefore, a method for evaluating concrete structures by a
non-destructive inspection is desired.

For example, in Patent Document 1, a radiation source for
emitting a neutron ray is provided on one external surface at
a corner part of a concrete wall, and a neutron detector for
receiving the neutron ray emitted from the radiation source
is provided on the other external surface, to detect a water
content of the concrete wall. Then, a degree of deterioration
of the concrete wall is evaluated from the detected water
content.

CITATION LIST
Patent Document

Patent Document 1: Japanese Unexamined Patent Publi-
cation No. 2018-28438

SUMMARY OF THE INVENTION
Technical Problem
However, Patent Document 1 does not specifically
describe how the deterioration of the concrete wall is

evaluated from the water content of the concrete wall
detected by using a neutron ray. Therefore, required is a
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technique for accurately evaluating deterioration of a mea-
surement object on the basis of a water content of the
measurement object.

In view of the above, an embodiment of the present
invention is made to solve such a problem, and an object of
the embodiment is to provide a non-destructive inspection
method that can more accurately evaluate the deterioration
of a test piece on the basis of a water-content state of the test
piece.

Solution to the Problem

In order to achieve the above object, a non-destructive
inspection method according to an embodiment of the
present invention includes: a water absorbing or drying step
of changing a water-content state of a test piece; a trans-
mission image capturing step of irradiating, with a radiation,
the test piece that has been subjected to absorption or drying
for a predetermined time in the water absorbing or drying
step and capturing a transmission image created by visual-
izing the radiation transmitted through the test piece; and an
evaluation step of evaluating the test piece, based on the
water-content state of the test piece determined from the
transmission image captured in the transmission image
capturing step.

In this non-destructive inspection method, the test piece
may be concrete.

In this non-destructive inspection method, the radiation
used in the transmission image capturing step may be
neutron.

In this non-destructive inspection method, the water-
content state of the test piece determined from the transmis-
sion image in the evaluation step may include non-unifor-
mity of a water permeation height.

The water-content state of the test piece determined from
the transmission image in the evaluation step may include a
variation of a permeation rate into the test piece.

The water-content state of the test piece determined from
the transmission image in the evaluation step may include a
time differential of a water absorption rate of the test piece.

Advantages of the Invention

The embodiment of the present invention using the above-
described means can more accurately evaluate the deterio-
ration of a test piece on the basis of the water-content state
of the test piece.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view illustrating a configuration of
an inspection device used for a non-destructive inspection
method according to the present embodiment.

FIG. 2 is a flowchart of the non-destructive inspection
method in the present embodiment.

FIG. 3 is a schematic view of a water absorbing step on
a test piece in the present embodiment.

FIG. 4 is a list of test pieces used in the present embodi-
ment.

FIG. 5 is a table showing expansion amounts and other
data of the test pieces in the present embodiment.

FIG. 6 is a relational graph between a water thickness and
a transmittance difference in the present embodiment.

FIG. 7 shows transmission image charts of water perme-
ated in a water absorbing process for five test pieces in the
present embodiment.
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FIG. 8 shows graphs of temporal change in degree of
water permeation into test pieces ASR300b and ASR900b.

FIG. 9 is a graph showing temporal change in water
permeation height of each of the test pieces.

FIG. 10 shows graphs of temporal change in water content
mass.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present disclosure will be
described in detail with reference to the drawings.

FIG. 1 is a schematic view illustrating a configuration of
an inspection device used for a non-destructive inspection
method according to the present embodiment, and a con-
figuration of the inspection device will be described below
with reference to the drawing.

An inspection device 1 used in the non-destructive inspec-
tion method of the present embodiment includes a compact
accelerator-driven neutron source 2, a detector 3, and a test
piece support 4.

The compact accelerator-driven neutron source 2
includes: a power supply 10; a linear accelerator 11; and a
target station 12 that serve as a radiation source; and an
irradiator 13 that applies generated neutrons.

Specifically, the power supply 10 is a high-voltage power
supply that supplies electric power to the accelerator. In one
preferred embodiment, the high-voltage power supply of the
power supply 10 has a power generation performance
capable of accelerating at least protons to energy required
for generation of neutrons, and a voltage fluctuation of the
high-voltage power supply is small.

The linear accelerator 11 includes an ion source 11a and
an accelerator 115 in a cylindrical shape extends from the
ion source 11a and is connected to the target station 12.

The target station 12 is covered with a shield, and a target
(not shown) for generating neutrons is provided inside the
target station 12. The shield is made of a material that blocks
neutrons and a gamma ray, and is, for example, made of lead
or polyethylene containing boron. The target generates neu-
trons when colliding with protons, and can be, for example,
beryllium (Be).

The irradiator 13 is made of polyethylene, which is a
shield material, and applies neutrons (neutron beam) emitted
from the target to a test piece TP.

The detector 3 includes an imaging system (imaging
camera) that creates an image of an intensity distribution of
neutrons, and outputs a transmission image of neutrons by
converting a neutron ray into visible light with a neutron
converter on the input side and imaging the visible light with
an image sensor. The imaging camera may include a device
such as an intensifier that amplifies an input signal.

The test piece support 4 is disposed close to the detector
3 to support the test piece TP to be located in front of an
input surface of the detector 3. The test piece TP is a
concrete piece, for example.

In the inspection device 1 configured as described above,
for example, protons generated by the linear accelerator 11
and having energy of 7 MeV are brought to collide with
beryllium located on the target station 12 to generate high-
speed neutrons having maximum energy of 5 MeV. The
high-speed neutrons are then passed through a polyethylene
moderator to generate thermal neutrons of 50 MeV and
high-speed neutrons of 1 MeV, and a neutron beam is
outputted through the irradiator 13. Then, the test piece TP
disposed on the test piece support 4 is irradiated with the
neutron beam, and the number of neutrons passed through is
measured by the detector 3, to visualize a spatial distribution
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of substances that absorbs and diffuses neutrons (capturing
of a transmission image). In the present embodiment, ther-
mal neutrons having energy on the scale of MeV are
detected. Then, hydrogen having a large reaction cross
section, i.e., water permeated is evaluated as the difference
in neutron transmittance to concrete before and after water
absorption.

FIG. 2 is a flowchart of the non-destructive inspection
method in the present embodiment, and processes of the
non-destructive inspection method will be described in
accordance with the flowchart.

First, in step S1 of the present inspection method, a test
piece TP is dried until its water content becomes a fixed
value. The test piece TP may be dried in a humidistat bath
or a furnace.

Next, in step S2, a water-content state of the test piece TP
is changed (water absorbing or drying step). For example, as
shown in the schematic view of FIG. 3 illustrating the water
absorbing step on the test piece TP, in the water absorbing
or drying step, aluminum square bars 21a and 215 are
provided on a bottom surface of an aluminum container 20
so that the test piece TP is not in direct contact with the
bottom surface, and the test piece TP is placed on the
aluminum square bars 21a and 215. In addition, water is
poured up to a few percent above the bottom of the test piece
TP, thereby making the test piece TP absorb water through
the bottom surface. Alternatively, the test piece TP is dried
without pouring water.

Next, in step S3, it is determined whether a predetermined
time set in advance has elapsed since the test piece TP
absorbed water or is dried in step S2. As the predetermined
time, few hours to several dozen hours are set, for example.
If the result of the determination is false (No), the flow goes
back to step S2, and the test piece TP is continued to absorb
water or be dried. If the result of the determination is true
(Yes), the flow proceeds to step S4.

In step S4, the compact accelerator-driven neutron source
2 is used to capture a transmission image of the test piece TP
(transmission image capturing step). At the time of capturing
the transmission image, the test piece TP is taken out from
the aluminum container 20 and is weighed, placed on the test
piece support 4, and irradiated with a neutron beam for a
certain period of time (e.g., three minutes), to capture a
transmission image.

In step S5, the test piece TP is evaluated (evaluation step).
A degree of deterioration of the test piece TP such as a
concrete piece depends on a volume change (expansion and
contraction), and the volume change correlates with a water-
content state of the test piece TP. In view of the above, the
test piece TP is evaluated on the basis of the water-content
state of the test piece TP that is determined from the
transmission images captured at predetermined time inter-
vals in step S4. Examples of the water-content state include
water permeation properties such as a water permeation
height, and a water permeation rate. This non-uniformity
(variation) of the water content correlates with the expansion
amount. The examples of the water-content state of the test
piece TP further include a time differential of a water
absorption rate.

Then, in the evaluation of the test piece TP in step S5, the
water-content states of a plurality of test pieces cut out from
the same block in the water absorbing or drying process are
compared to estimate and evaluate the expansion amount on
the basis of the non-uniformity of the water-content states.
Regarding non-uniformity of the water-content state, in one
preferred embodiment, a database is established in advance
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on a correlation between the non-uniformity of the water-
content state of a model test piece and the expansion
amount.

Next, in step S6, it is determined whether the inspection
time determined in advance has elapsed. The inspection time
is set to, for example, several hundred hours (several days),
and if the inspection time has not yet elapsed, the result of
the determination is false (No), and the flow goes back to
step S2 to resume water absorption or drying. On the other
hand, if the inspection time has elapsed, the result of the
determination is true (Yes), and the evaluation is finished.

The water-content state of the test piece TP is determined
from the transmission images created using the neutron
source while the water-content state of the test piece is being
changed, and the test piece TP is evaluated from the water-
content state in the manner described above. Thus, the state
of the test piece TP can be evaluated without damaging the
test piece TP and, in addition, the state of the entire test piece
TP can be evaluated in detail.

Further, the non-destructive inspection method according
to the present embodiment is particularly suitable for con-
crete whose degree of deterioration changes depending on
the water-content state.

Further, the use of neutrons as a radiation to capture
transmission images allows the water-content state inside
the test piece TP to be accurately detected.

Further, the use of non-uniformity of water permeation
height or non-uniformity of water permeation rate as the
water-content state of the test piece TP allows the expansion
amount (or contraction amount) of the test piece TP to be
accurately determined and deterioration to be determined
highly accurately.

As described above, the non-destructive inspection
method according to the present embodiment can more
accurately evaluate the deterioration of the test piece TP.

Next, the following describes an example of the non-
destructive inspection method of the present invention by
which a correlation between the water permeation properties
and the expansion amount for a concrete piece as a test piece
TP can be determined.

First, a configuration of the test piece TP will be
described. In FIGS. 4 and 5, FIG. 4 is a list of test pieces
used in this example, and FIG. 5 is a table showing expan-
sion amounts and other data of the test pieces.

As shown in FIG. 4, in this example, five test pieces
including test pieces N, ASR300a, ASR300b, ASR900a, and
ASRI00b (the last four test pieces were referred to as ASR
series) were used as the test pieces.

Specifically, the test piece N was a 100 mmx100 mmx400
mm concrete block using a commonly used aggregate, and
each of ASR series was a 75 mmx75 mmx400 mm concrete
block using each reactive fine aggregate.

Regarding ASR series, a distance between measurement
pins embedded in advance on both ends of each test piece
was measured, and a change in the distance was divided by
a base length of 400 mm, to calculate the expansion amount.
Further, ASR300a, ASR300b used artificial cristobalite,
ASR900a used andesite sand from Hokkaido, and ASR900b
used Hokkaido andesite crushed sand. NaOH was added to
the ASR series to achieve the alkali amounts shown in FIG.
4.

Material ages of all the test pieces were one year or older,
and it was confirmed that the expansion amounts of ASR
series had not changed since the end of an accelerating test
until this test.

Further, regarding the ASR series, each piece having a
thickness of about 50 mm was cut out from a portion near
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the center in the axial direction, and was used for the test.
Regarding the test piece N, every surface was cut off by
about 1 cm, and a piece having a thickness of about 50 mm
was cut out from the rest of test piece N and was used for
the test. Note that, in this example, a dried state was
achieved by putting the test piece in a furnace set at 50° C.,
and a water-saturated state was achieved by putting the test
piece in water. The dried state and the water-saturated state
were each defined as a state where the mass of the test piece
did not change.

Next, the following describes the results of an ultrasonic
test and capturing of X-ray CT images, which are simple
quality evaluation techniques, performed to determine
denseness and void amounts of the test pieces, with refer-
ence to FIG. 5. The denseness and void amount are consid-
ered affecting the water permeation properties.

Ultrasound propagation velocities when ultrasound
passed through each test piece in the width, height, and
thickness directions were measured three times in each
direction, for a total of nine times, and an average value of
the velocities was defined as the ultrasound propagation
velocity of the test piece. Note that, in consideration of
influence of the water-content state, the measurements were
performed in both of the dried state and the water-saturated
state. A resonance frequency was 54 kHz, and a size of a
probe was 6 cm in diameter. Further, in the case of the X-ray
CT, the void amount was calculated from a 3D image created
by stacking the CT images.

For CT imaging, an industrial X-ray CT device was used.
To perform imaging, an X-ray tube voltage was 450 kV, a
tube current was 1.55 mA, a resolution was 270 pm/pixel,
and a slice thickness was 1 mm. To derive the void amount,
CT images were modeled into volume data by CT data
analysis software, the volume data was then subjected to
binarization processing. Thereafter, when consecutive eight
voxels were equal to or smaller than a threshold, a region of
the eight voxels was determined as a void. In this way, voids
of equal to or larger than sub-millimeter in size were
extracted and were divided by a total volume, and the
quotient was taken as a void ratio.

FIG. 5 shows the expansion amount and the void ratio of
each test piece, the ultrasound propagation velocities of each
test piece in the dried state and the water-saturated state, and
the difference in the velocity caused by the difference in
water-content state. The porosities of ASR300a and
ASR300b were about 5%, and the porosities of ASR900a
and ASR900b were about 9%. This shows the tendency of
increase in void ratio with the increase in the expansion
amount. The results of the ultrasound test show that, the
ultrasound propagation velocities of the ASR series gener-
ally decrease with the increase in their expansion amounts.

On the other hand, regarding test piece N, the ultrasound
propagation velocities in both of the dried state and the
water-saturated state were the highest although the void ratio
was 9.2%. The reason for this is thought that there is a
difference in the influence of voids distributed in the test
piece and cracks caused by alkali-silica reaction (ASR) on
the velocity.

Next, the following describes a method for deriving the
transmission image of the water permeated in each test piece
(concrete piece) in the inspection device 1.

Specifically, the following three types of images are
captured: a dark image captured without irradiation with a
neutron beam; a direct image captured with irradiation with
a neutron beam but with no test piece; and a sample image
captured while a test piece is being irradiated with a neutron
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beam, and an image analysis is performed on the captured
images with image processing software.

Imaging with neutrons involves a radiation noise, a noise
due to pixel damage (outlier), and an offset that fluctuates
depending on the ambient temperature or fluctuates before
and after the irradiation with the beam in output images.
Thus, a spatial filter is created to remove the noises, and an
offset cancellation is performed in such a manner that the
dark image is subtracted from the direct image and the
sample image.

Then, a shading compensation is performed by dividing
the sample image by the direct image so as to flatten the
distribution of intensities of the neutron beam, thereby
creating the transmission image.

Specifically, supposing that neutron intensities before and
after entering of neutrons are respectively 1,, and 1, the
neutron transmittance T is expressed by 1,,/1,,,, and a loga-
rithm 1n(l,,,/1,,) of the transmittance is expressed by the
following equation 1, which is a function proportional to an
attenuation coefficient a and a thickness d. The attenuation
coeflicient a is constant for thermal neutrons, and the thick-
ness d is a thickness of a substance for transmission.

(0, /1) —ad

Then, the transmission image of the water permeated,
which is a difference (referred to as AT) between the images
captured before the water absorption (time t=0) and after the
water absorption (time t), was derived using the following
equation 2.

Equation 1

AT=-In(l/1=0)=a,d,, Equation 2

In the above equation 2, a,, is an attenuation coefficient of
water per unit length, and d, is a thickness of the water
permeated located in the transmission direction of neutrons.

Next, the following describes the evaluation of water
permeation properties of concrete pieces.

FIG. 6 is a relational graph between a water thickness and
a transmittance difference. The graph shows the relationship
between the water thickness d,, and the transmittance dif-
ference AT before and after water absorption into each
concrete piece. The water thickness is an average value and
is calculated by dividing a water absorption amount mea-
sured by a scale by an entire area of a concrete surface on
which the neutrons are incident.

As shown in FIG. 6, in the water absorbing process of all
test pieces, the difference in the transmittance expands with
the increase in water absorption amount, and a linear rela-
tionship between the thickness d,, of water permeated and
AT was confirmed. In the case of using the thermal neutrons,
the change in AT with absorption of water in concrete is
smaller with the increase in the thickness of the concrete
caused by neutron diffusing, and water deeper inside the
concrete is therefore more difficult to be seen.

For this reason, in the case of concrete thicker than 3 cm,
quantitativity of the water thickness obtained from the
transmission image may not be maintained. However, this
example shows a linear relationship between the water
thickness d,, and the transmittance difference AT, and the
permeation of water in concrete having a thickness of 5 cm
can be evaluated if the water absorption amount is 0.5 g/cm?.

Next, a temporal change in water permeation will be
described.

FIG. 7 shows transmission image charts of water perme-
ated into the five test pieces in the water absorbing process.
In each chart, the difference AT in neutron transmittance
before and after water absorption is displayed in gradation in
gray scale. A resolution (dimensions of one pixel) is 1.8
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mmx1.8 mm. Portions shown by the shadow represent water
permeated, and it is shown that the amount of existing water
is larger with the increase in depth of the shadow. Note that
pixels having low transmittance are discretely distributed in
the images. These pixels are caused as variations regardless
of the presence of water when two images are divided by a
statistic error of neutrons. It can be confirmed from the
images that water permeation regions expand with time.

Specifically, for the test piece ASR900b, it can be con-
firmed that water permeation progresses non-uniformly. For
each of the test pieces ASR300b and ASR900a, portions in
which water permeation does not progress, which seems to
be caused by coarse aggregate distribution, are seen, but
after about one week, water is distributed in the entire test
pieces.

Based on this fact, values of AT are accumulated in the
horizontal direction for each pixel height, and a distribution
of'water in the height direction is plotted to evaluate a degree
of water permeation involving non-uniformity.

FIG. 8 shows graphs of temporal change in the degree of
water permeation into test pieces ASR300b and ASR900b.
In each graph, the vertical axis represents the height (mm)
of concrete, the horizontal axis represents the sum of water
thicknesses in the horizontal direction, and the product of the
value on the vertical axis and the value on the horizontal axis
corresponds to the amount of water permeated.

In each graph, in portions at a height equal to or lower
than 20 mm, the degree of water permeation after 25 hours
have elapsed was the same as the degree of water permeation
after 8 days have elapsed, and it is confirmed that water has
been already saturated. Further, the test piece ASR900b
shows a larger change in the degree of water permeation in
the height direction than test piece ASR300b, it is considered
that this larger change is caused by the non-uniform water
permeation shown in the transmission images of FIG. 7.

FIG. 9 is a graph showing temporal change in water
permeation height of each test piece. The water permeation
height (mm) can be defined by, for example, a peak height
or average height of the water distribution in the transmis-
sion images shown in FIG. 7, or alternatively can be defined
by a height at a changing point of the water thickness at the
degree of water permeation shown in FIG. 8, or by another
value.

As shown in FIG. 9, the difference of change in water
permeation height between test pieces ASR900a and
ASR900b showing the expansion amount of about 300 p is
larger than the difference of change in water permeation
height between test pieces ASR300a and ASR300b showing
the expansion amounts of about 900 p. In other words, a
magnitude of variation in water permeation rate tends to be
larger with the increase in the expansion amount.

FIG. 10 shows graphs of temporal change in water content
mass (obtained by dividing the water absorption amount by
the weight of the test piece in the dried state). When 50 hours
have elapsed since start of water absorption, the amounts of
change in water content mass shows
ASR900b>300a>300b>N>900a. This demonstrates that the
respective changes in water content of the test pieces
ASR900a and ASR900b showing the expansion amounts of
about 900 p are a minimum and a maximum, which are two
opposite extremes.

The result shows that the test piece ASR900a absorbed
less water than the other test pieces and have a small water
permeation region for the permeation properties shown in
FIG. 8. The water content masses measured when 700 hours
have elapsed show
ASR900b>ASR900a>ASR300a>ASR300b>N. The result
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demonstrates that the test piece N, which is sound without
occurrence of alkali-silica reaction, has the smallest water
content mass. The test piece ASR900a shows a larger change
in the water content mass after 50 hours than the other four
test pieces, and reaches the water content mass next to that
of ASR900b after 700 hours have elapsed.

On the other hand, the test piece ASR900b showing a
maximum change in water content mass shows the lowest
ultrasound propagation velocities in both of the water-
saturated state and the dried state and a high void ratio in
results of the ultrasonic test and X-ray CT imaging described
above. This fact leads to an expectation that the test piece
ASRI00b is a test piece having the lowest quality and the
lowest denseness among the five test pieces.

The test piece ASR900b has a maximum change in the
water content mass since the start of water absorption and
has non-uniform permeation properties. This is considered
because differences in parameters such as the degree of
deterioration, the mixing amount, and the material used
appear as a macro movement of water. It is therefore
understood that water permeation properties differ even
when the expansion amounts are almost the same. The
results of the five test pieces revealed that a non-uniform
void structure in the height direction and horizontal direc-
tion, formed by expansion strain, causes differences in the
temporal change in water content mass (water absorption
rate) and in the distribution of water permeated.

This example demonstrated that by the evaluation of
water permeation properties of the four test pieces with
occurrence of alkali-silica reaction and the sound test piece,
using the transmission images obtained with a compact
accelerator-driven neutron source, the expansion amounts of
the test pieces can be estimated. Accordingly, such a non-
destructive inspection method more accurately evaluate the
deterioration of a test piece such as a concrete piece on the
basis of a water-content state of the test piece.

One embodiment of the present disclosure has been
described above, but an aspect of the present disclosure is
not limited to the foregoing embodiment.

For example, concrete pieces are used as test pieces in the
above embodiment and example, but the present invention
can be applied to other structures.

Although, in the above embodiment and example, the
evaluation is performed on the basis of the transmission
images obtained by transmission imaging of test pieces with
a neutron source, but another type of radiation source may
be used. For example, electromagnetic waves may be used
to capture transmission images. However, the use of neu-
trons as in the embodiment and example is advantageous in
that water can be detected with high sensitivity even when
test pieces contain heavy metals such as iron, lead, and
coppet.

DESCRIPTION OF REFERENCE CHARACTERS

1 Inspection Device

2 Compact Accelerator-Driven Neutron Source
3 Detector

4 Test Piece Support

10 Power Supply

11 Linear Accelerator

12 Target Station

13 Irradiator

20 Aluminum Container

The invention claimed is:
1. A non-destructive inspection method comprising:
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a water absorbing or drying step of changing a water-
content state of a test piece from a dried state or a
water-saturated state;

a transmission image capturing step of irradiating, with a
radiation, the test piece absorbed water or dried for a
predetermined time in the water absorbing or drying
step and capturing a transmission image created by
visualizing the radiation passed through the test piece;
and

an evaluation step of evaluating the test piece on the basis
of a volume change of the test piece correlating with the
water-content state of the test piece determined from
the transmission image captured in the transmission
image capturing step.

2. The non-destructive inspection method of claim 1,

wherein the test piece is concrete.

3. The non-destructive inspection method of claim 2,

wherein

the radiation used in the transmission image capturing
step is a neutron.

4. The non-destructive inspection method of claim 2,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
non-uniformity of a water permeation height.

5. The non-destructive inspection method of claim 2,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a variation of a water permeation rate into the test
piece.

6. The non-destructive inspection method of claim 2,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a time differential of a water absorption rate of the test
piece.

7. The non-destructive inspection method of claim 1,

wherein

the radiation used in the transmission image capturing
step is a neutron.

8. The non-destructive inspection method of claim 7,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
non-uniformity of a water permeation height.

9. The non-destructive inspection method of claim 7,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a variation of a water permeation rate into the test
piece.

10. The non-destructive inspection method of claim 7,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a time differential of a water absorption rate of the test
piece.

11. The non-destructive inspection method of claim 1,

wherein

the water-content state of the test piece determined from
the transmission image in the evaluation step includes
non-uniformity of a water permeation height.

12. The non-destructive inspection method of claim 11,

wherein
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the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a variation of a water permeation rate into the test
piece.
13. The non-destructive inspection method of claim 11,
wherein
the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a time differential of a water absorption rate of the test
piece.
14. The non-destructive inspection method of claim 1,
wherein
the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a variation of a water permeation rate into the test
piece.
15. The non-destructive inspection method of claim 14,
wherein
the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a time differential of a water absorption rate of the test
piece.
16. The non-destructive inspection method of claim 1,
wherein
the water-content state of the test piece determined from
the transmission image in the evaluation step includes
a time differential of a water absorption rate of the test
piece.
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